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VWUXFWXUHV:LWKWKHGHYHORSPHQWRIFRPSXWHUWHFKQRORJ\WKHILQLWHHOHPHQWDQDO\VLVFDQWDFNOHWKHPRUHFRPSOH[
SUREOHPVXFKDVWKHGHVLJQRIWXEHVKHHW>@%\XVLQJILQLWHHOHPHQWDQDO\VLVDQGQXPHULFDORSWLPL]DWLRQPHWKRG
WKHVWUXFWXUHFDQEHRSWLPL]HGDQGWKHFRVWFDQEHPLQLPL]HG
,QWKLVSDSHUDQRSWLPL]DWLRQGHVLJQRUOLJKWZHLJKWGHVLJQZDVSURSRVHGIRUWKHGHVLJQRIWKHWXEHVKHHWLQDKLJK
SUHVVXUH8WXEHKHDWH[FKDQJHU7KHVFKHPDWLFVWUXFWXUHRIFKDQQHOER[ LQ WKHKHDWH[FKDQJHU LV VKRZQ LQ)LJ
7KHVSHFLILFSDUDPHWHUVRIWKHKHDWH[FKDQJHUDUHOLVWHGLQ7DEOH,WVKRXOGEHSRLQWHGRXWWKDWWKHWKLFNQHVVRIWKH
WXEHVKHHWOLVWHGLQWKHWDEOHLVPLQLPXPWKLFNQHVVUHTXLUHGE\WKH&KLQHVHFRGH*%ZKLFKLVVLPLODUWR7(0$>ˈ
@


)LJ6FKHPDWLFVWUXFWXUHRIWKHFKDQQHOER[
7DEOH6SHFLILFSDUDPHWHUVRIWKHKHDWH[FKDQJHU
3DUDPHWHUVRIWKHKHDWH[FKDQJHU 9DOXHV
,QVLGHGLDPHWHURIVKHOOPP 
,QVLGHGLDPHWHURIVSKHULFDOKHDGPP 
7KLFNQHVVRIVSKHULFDOKHDGPP 
7KLFNQHVVRIWXEHVKHHWPP 
7KLFNQHVVRIVKHOOPP 
2XWVLGHGLDPHWHURIWXEHPP 
7KLFNQHVVRIWXEHVPP 
&RUURVLRQDOORZDQFHPP 
3UHVVXUHRIWXEHVLGH03D 
3UHVVXUHRIVKHOOVLGH03D 
'HVLJQWHPSHUDWXUHRIVKHOOVLGHć
'HVLJQWHPSHUDWXUHRIWXEHVLGHć


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1XPHULFDOVLPXODWLRQ
2.1. Geometry model 
,Q WKLV SDSHU WKH JHRPHWU\PRGHO RI WKH8WXEHKHDW H[FKDQJHU FRQVLVWLQJRI WXEHVKHHW WXEHFKDQQHO SDUW RI
VKHOODQGWXEHVZDVHVWDEOLVKHGZLWK$16<67KHIROORZLQJVLPSOLILFDWLRQVZHUHPDGHIRUWKHPRGHOLQJ
$VWKHJHQHUDOVWUXFWXUHRIWKH8WXEHKHDWH[FKDQJHULVV\PPHWULFDODTXDUWHUVWUXFWXUHZDVPRGHOHGLQRUGHU
WRVLPSOLI\WKHPRGHODQGLQFUHDVHFRPSXWDWLRQDOHIILFLHQF\DVVKRZQLQ)LJ


)LJ7KHD[LVRIV\PPHWU\RIWKHWXEHVKHHW
6LQFHWKHFRQQHFWLRQEHWZHHQWXEHDQGWXEHVKHHWZDVXVLQJERWKH[SDQVLRQDQGZHOGLQJWKHHOHPHQWVRIWXEH
DQGWKHHOHPHQWVRIWXEHVKHHWVKDUHGWKHVDPHQRGHVZLWKRXWFRQWDFWHOHPHQWVDVLIWKH\ZHUHRQHSDUW
2QWKHFKDQQHOER[VLGHWKHRYHUKDQJRIWXEHVZHUHLJQRUHGWRVLPSOLI\PRGHO2QWKHVKHOOVLGHWKHIULQJLQJ
HIIHFWFDXVHGE\VKHOODQGWXEHVPXVWEHFRQVLGHUHGLQWKHWXEHVKHHWDQDO\VLV7KHH[WHQGHGOHQJWKRIVKHOODQGWXEHV
RQWKHVKHOOVLGHKDYHWRPHHWWKHIROORZLQJUHTXLUHPHQW
L RT' t   
ZKHUHƸ/LVH[WHQGHGOHQJWK5LVWKHLQVLGHUDGLXVRIYHVVHO7LVWKHWKLFNQHVVRIWKHYHVVHO:LWKWKLVUHTXLUHPHQW
WKHH[WHQGHG OHQJWKRIVKHOOVKRXOGEHPRUH WKDQPPDQG WKHH[WHQGHG OHQJWKRI WXEHVVKRXOGEHPRUH WKDQ
 PP )RU WKLV FRQVLGHUDWLRQ PP H[WHQGHG OHQJWK RI VKHOO DQG PP H[WHQGHG OHQJWK RI WXEHV ZHUH
VHOHFWHGLQWKHPRGHO
,QWKLVVWXG\WKHPDWHULDOVDQGWKHLUHODVWLFSDUDPHWHUVRIWKHKHDWH[FKDQJHUDUHOLVWHGLQ7DEOH
7DEOH6SHFLILFSDUDPHWHUVRIPDWHULDOPRGHOV
3RVLWLRQRIVWUXFWXUH WXEHVKHHW VSKHULFDOKHDG VKHOO WXEHV
0DWHULDO 0Q0RČ 0Q1L0R5 45 6$
<RXQJ
VPRGXOXV03D ( ( ( (
3RLVVRQ
VUDWLR    
278   J.Y. Liu et al. /  Procedia Engineering  130 ( 2015 )  275 – 285 
7RHQVXUHWKHDFFXUDF\RIVLPXODWLRQ6ROLG'VROLGHOHPHQWHOHPHQWLVXVHGWRPHVKDOOWKHVWUXFWXUHDV
VKRZQLQ)LJ$QGWKHVXUIDFHPHVKRQWKHSHUIRUDWHGUHJLRQRIWXEHVKHHWLVVKRZQLQ)LJ7KHPHVKVL]HRIWKH
PRGHOKDVSDVVHGWKHPHVKWHVW


)LJ0HVKRIWKHHQWLUHPRGHO


)LJ6XUIDFHPHVKRQWKHSHUIRUDWHGUHJLRQRIWKHWXEHVKHHW
279 J.Y. Liu et al. /  Procedia Engineering  130 ( 2015 )  275 – 285 
2.2. Boundary conditions 
$FFRUGLQJWRWKHWDEOHWKHSUHVVXUHRIWXEHVLGHLVPXFKKLJKHUWKDQWKHVKHOOVLGH
VVRWKHGDQJHURXVVLWXDWLRQ
RIWKHWXEHVKHHWLVPRUHOLNHO\WRRFFXUXQGHUWKHZRUNLQJFDVHZLWKWXEHVLGHSUHVVXUH7KHORDGLQJFRQGLWLRQVRIWKH
PRGHO DUH VHW DV IROORZV WKH SUHVVXUH RQ WKH LQQHU VXUIDFH RI WXEHFKDQQHO DQG WXEHV DUH 03D DV WKH GHVLJQ
SUHVVXUHLQ RUGHU WR NHHS WKH VDPH WRWDO IRUFH DSSOLHG E\ WKH SUHVVXUH RQ WKH 8WXEHV  WKH HTXLYDOHQW SUHVVXUH
DSSOLHGRQWKHFURVVVHFWLRQVRIWKHHQGRIWXEHVZDVFDOFXODWHGDVIROORZLQJ

    
         

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ZKHUH WS LVWKHSUHVVXUHDWWKHWXEHVLGH LG LVWKHLQQHUGLDPHWHURIWXEHVDQG RG LVWKHRXWHUGLDPHWHURIWXEHV
7KH V\PPHWULF SODQHRIKHDW H[FKDQJHU LV VHW WREH D V\PPHWULFERXQGDU\7KH D[LDO DQGKRRSGLUHFWLRQV DUH
FRQVWUDLQHGRQWKHFURVVVHFWLRQRIWKHHQGRIVKHOO%XWWKHGLVSODFHPHQWFRQGLWLRQVRQWKHFURVVVHFWLRQVRIWKHHQG
RIWXEHVDUHIUHHERXQGDU\
2.3. Path and optimize variables 
$VWKHVROLGHOHPHQW LVXVHGLQWKHVLPXODWLRQ LW LVQHFHVVDU\WREXLOGWKHOLQHDUL]DWLRQSDWKRQWKHWXEHVKHHW WR
OLQHDUL]HVWUHVVHVDORQJWKHWKLFNQHVV7KHWRWDOVHYHQSDWKVDUHEXLOWDVVKRZQLQ)LJDQG)LJDQGWKHORFDWLRQRI
HDFKSDWKLVOLVWHGLQWDEOH


)LJ3DWKRQWKHWXEHVKHHW
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
)LJ3DWKRQWKHWXEHVKHHW
7DEOH7KHORFDWLRQRISDWKV
3DWK180 ORFDWLRQRISDWK 3DWKGLUHFWLRQ
 7XEHVKHHWFHQWHU 7XEHVKHHWD[LDO
 7KHMXQFWLRQRIWXEHDQGWXEHVKHHWQHDUHVWWRWXEHVKHHWFHQWHU 7XEHVKHHWD[LDO
 7KHWXEHVKHHWOLJDPHQW 7XEHVKHHWD[LDO
 7KHMXQFWLRQRIWXEHDQGWXEHVKHHWQHDUHVWWRSDWK 7XEHVKHHWD[LDO
 8QSHUIRUDWHGUHJLRQLQVLGH3HUIRUDWHGFLUFOH 7XEHVKHHWD[LDO
 3HUIRUDWHGUHJLRQFLUFOH 7XEHVKHHWD[LDO
 7KHORFDWLRQZLWKPD[LPXPVWUHVVRQFKDPIHULQJEHWZHHQVSKHULFDOKHDGDQG
WXEHVKHHW
&KDPIHULQJWKLFNQHVVGLUHFWLRQ

5HIHUULQJ WR WKH GHVLJQE\DQDO\VLV VWDQGDUG -%ZKLFK LV VLPLODU WR $60( 9,,, WKHWXEHVKHHW LV
YHULILHGZLWKPD[LPXPVKHDUVWUHVVWKHRU\E\DGRSWLQJVRFDOOHGVWUHVVLQWHQVLW\>@7KHVWUHVVLQWHQVLWLHVVKRXOG
EHOLQHDUL]HGDORQJWKHWKLFNQHVVDQGFODVVLILHGLQWRGLIIHUHQWFDWHJRULHVDFFRUGLQJWRWKHVWUHVVRULJLQDWLRQORFDWLRQ
DQGGLVWULEXWLRQ'LIIHUHQWFDWHJRULHVRIVWUHVV LQWHQVLWLHVDUHFRQWUROOHGE\GLIIHUHQWDOORZDEOHVWUHVV LQWHQVLWLHVDV
OLVWHGLQWDEOH3DWKSDWKDQGSDWKDUHLQWKHVWUXFWXUDOGLVFRQWLQXLW\DUHDVR.6PDQG.6PLVDSSOLHGWR
PHPEUDQH VWUHVV LQWHQVLW\ DQG PHPEUDQH SOXV EHQGLQJ VWUHVV LQWHQVLW\ UHVSHFWLYHO\ )RU RWKHU SDWKV .6PDQG
.6PLV DSSOLHG WRPHPEUDQH VWUHVV DQGPHPEUDQH SOXV EHQGLQJ VWUHVV UHVSHFWLYHO\ ,Q WKLV DQDO\VLV WKH ORDG
FRPELQDWLRQFRHIILFLHQW.LVHTXDOWR
7DEOH7KHPDWHULDODOORZDEOHVWUHVVHVLQWHQVLW\
3RVLWLRQ 0DWHULDODOORZDEOHVWUHVV
LQWHQVLW\6P03D
.6P03D .6P03D
7XEHVKHHW   
7KHMXQFWLRQRIWXEHDQGWXEHVKHHW   
&KDPIHULQJEHWZHHQVSKHULFDOKHDGDQG
WXEHVKHHW   
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&RQWUDVWHGWRWKHGHVLJQE\UXOHVEDVHGRQ*%WKLVVWXG\LQWHQGVWRSURYLGHDQRWKHUGHVLJQPHWKRGIRUWKH
WXEHVKHHW 7KDW LV RSWLPL]DWLRQ GHVLJQ EDVHG RQ ILQLWH HOHPHQW DQDO\VLV DQG WKH FRGH RI GHVLJQE\DQDO\VLV 7KH
RSWLPL]DWLRQGHVLJQLVSHUIRUPHGZLWK$16<6RSWLPL]DWLRQGHVLJQSURJUDP7KHRSWLPL]HYDULDEOHVDUHVHWEHORZ
DOORZDEOHVWUHVVLQWHQVLWLHVDUHXVHGDVWKHVWDWHYDULDEOHVWKHWKLFNQHVVRIWXEHVKHHWLVXVHGDVWKHGHVLJQYDULDEOHWKH
ORZHUERXQGLVPPDQGWKHXOWLPDWHJRDORIRSWLPL]DWLRQLVWRREWDLQDPLQLPXPWKLFNQHVVRIWXEHVKHHW7KH
RSWLPL]DWLRQPHWKRGRIWKLVRSWLPL]DWLRQLV6XE3UREOHP]HURRUGHURSWLPL]DWLRQPHWKRGZKLFKVHWWKHPD[LPXP
QXPEHURILWHUDWLRQVDV
2SWLPL]DWLRQUHVXOWVDQGDQDO\VLV
7KH RSWLPL]DWLRQ LV ILQLVKHG DIWHU  LWHUDWLRQV 7KH RSWLPXP WKLFNQHVV RI WXEHVKHHW LV PP LQ WKH IRXUWK
LWHUDWLRQ,WPHDQVWKDWWKHWKLFNQHVVRIWKHWXEHVKHHWFRXOGEHGHFUHDVHGE\)LJDQG)LJVKRZWKHVWUHVV
LQWHQVLW\ GLVWULEXWLRQV RI HQWLUH PRGHO ZLWK RULJLQDO WKLFNQHVV DQG RSWLPXP WKLFNQHVV UHVSHFWLYHO\ 7R EH PRUH
GHWDLOVVWUHVVOLQHDUL]DWLRQVDUHFDUULHGRXWIRUHDFKWKLFNQHVVRIWXEHVKHHWFRUUHVSRQGLQJWRHDFKLWHUDWLRQ)LJV
 VKRZ WKHPHPEUDQH VWUHVV LQWHQVLW\ RI DOO SDWK FKDQJLQJZLWK WKHWKLFNQHVV RI WXEHVKHHW)LJV  VKRZ WKH
PD[LPXPPHPEUDQHSOXVEHQGLQJVWUHVVLQWHQVLW\RIDOOSDWKFKDQJLQJZLWKWKHWKLFNQHVVRIWXEHVKHHW
)URP)LJVLWLVVHHQWKDWWKHPRVWLPSRUWDQWIDFWRUFRQWUROOLQJWKHWKLFNQHVVRIWXEHVKHHWLVWKHPD[LPXP
PHPEUDQHSOXVEHQGLQJVWUHVV LQWHQVLW\ LQWXEHVKHHWFHQWHU ,W LVDOVRIRXQG WKDWFRPSDULQJ WR WKHPHPEUDQHVWUHVV
LQWHQVLW\RIHDFKSDWKPHPEUDQHSOXVEHQGLQJVWUHVVLQWHQVLW\RIHDFKSDWKLVPXFKFORVHUWRDOORZDEOHYDOXHDQG
DOOWKHVWDWHYDULDEOHVDUHIDUDZD\IURPWKHDOORZDEOHYDOXHVZKHQWKHWKLFNQHVVRIWKHWXEHVKHHWLVPPGHVLJQHG
ZLWK *% 6R WKH GHVLJQ RI WXEHVKHHWVLQ VKHOODQGWXEH KHDW H[FKDQJHUV EDVHG RQ *%DUH XVXDOO\
WRRFRQVHUYDWLYHDQGQRWHFRQRPLFDO


)LJ6WUHVVLQWHQVLW\GLVWULEXWLRQRIWKHHQWLUHPRGHOZLWKWKHRSWLPL]HGWKLFNQHVV
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
)LJ6WUHVVLQWHQVLW\GLVWULEXWLRQRIWKHHQWLUHPRGHOZLWKWKHRULJLQDOWKLFNQHVV
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)LJ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